Using an ion implantation method, we introduced cerium nuclei in highly oriented pyrolytic graphite (HOPG), and have studied their behavior by means of the time-differential perturbed angular correlation technique. The timevariant directional anisotropy for the present pseudo-single crystalline sample is little different from that for polycrystalline graphite. Temperature dependence has been observed on the electric quadrupole interaction between the probe nuclei and the extranuclear charge distribution: the anisotropy shows gradual attenuation at room temperature, whereas the effect of an electrostatic perturbation is implied in the spectrum at 10 K. For the chemical state of the probe atom in HOPG, the trivalent state is suggested from the large magnitude of the electric field gradient at the probe nucleus.
Introduction
The physical properties of graphite compounds, represented by LixC6, have attracted much interest, and the investigations on their electric conductivity have realized industrial application of the material as an electrode of a rechargeable battery.1 In relation to this study, further investigation on doped graphite compounds have been made, and some intriguing properties on the mobility and occupying sites of the doped atoms have been reported. Zabel et al.2 succeeded in observing dynamic motion of intercalate alkali-metal atoms (Li, K, Rb, and Cs) in graphite, estimating the diffusion constants and activation energies for each of the atoms. For highly oriented pyrolytic graphite (HOPE) doped with boron atoms, there is a report that the dopant is substituted for the carbon atom rather than is intercalated in the layers like the alkali-metal atoms.3 It is suggested from these observations that behavior of atoms in graphite indeed depends on the introduced elements having intrinsic chemical properties.
Because doped graphite is expected to exhibit unique properties on account of the twodimensional (2D) structure, it should be interesting to study the case for dopants of other types of elements.
In our previous work, we studied the behavior of Ce atoms implanted in polycrystalline graphite by means of the timedifferential perturbed angular correlation (TDPAC) method, and obtained an implication that the Ce nuclei are dynamically perturbed from the extranuclear field.4 As the principal axis of the electric quadrupole interaction is randomly oriented due to the sample form, however, the experimental results do not allow discussing whether the motion is two dimensional. In expectation of directional information of the dynamic motion, therefore, Ce atoms were implanted in pseudo-single crystal HOPG in the present work. Figure  1 . the implantation. It was confirmed by the spectrum that the projectile was well isolated in the mass separation process. 
Results and Discussion
TDPAC spectra of 140Ce implanted in HOPG are shown in Figure 4 . In the present work, we defined the directional anisotropy, R(t), which is a function of the time-differential perturbation factor, G22'(t), by a simple arithmetic operation as
where t is the time interval between the cascade y rays and The observations above are reasonably explained. It is considered that the probe atoms at low temperature should occupy certain stable site(s) after the implantation, having a static interaction with the outer surrounding carbon atoms. The wide distribution of the electric quadrupole frequency could be attributed to thermal vibration at the optimum potential well and/or to slight differences in the EFGs due to different occupied sites. At room temperature, on the other hand, the exponentially attenuating component predominates in the time spectrum; this may imply nuclear spin relaxation caused by a dynamic perturbation from the extranuclear fluctuation. Considering the thermal motion of alkali-metal atoms in graphite-intercalated compounds,2 the present phenomenon could be interpreted as a thermally activated relative motion of the probe against ambient carbon atoms. For investigating whether the motion is two dimensional, sample annealing following the implantation would be needed. Based on the assumption that the solid line in Figure  5 reproduces the spectrum at 10 K with an additional component, the EFG at the site of the probe nucleus is as large as 
